Objective: To determine the prevalence of adrenal insufficiency in infants with hemangiomas following treatment with systemic glucocorticoids (GCs).
H
EMANGIOMAS ARE COMmon tumors of the vascular endothelium found in approximately 10% of infants.
1,2 While sometimes present at birth, they more typically appear in the first 2 months. Most superficial hemangiomas then undergo a proliferative phase lasting 6 to 12 months. Approximately 60% of these lesions involute completely by 5 years, with 90% to 95% by 9 years. 1 Because most lesions resolve spontaneously, no specific therapy is required. However, large, disfiguring, or functionally debilitating lesions require medical intervention, often with highdose systemic glucocorticoids (GCs). [3] [4] [5] A well-known adverse effect of GC therapy is hypothalamic-pituitary-adrenal (HPA) axis suppression due to decreased hypothalamic corticotropin-releasing hormone (CRH) and pituitary corticotropin secretion, leading to adrenal cortex atrophy. 6 However, the development of adrenal insufficiency (AI) following systemic GC treatment can be idiosyncratic and difficult to predict. 7, 8 Several tests are available to assess the HPA axis, including the CRH test, metyrapone test, insulin tolerance test, and corticotropin test. Many clinicians favor the corticotropin test because of its availability, low cost, safety, and reliability. If AI occurs, the rate of recovery of the HPA axis is variable and depends on the method of adrenal function testing. [7] [8] [9] [10] [11] In addition, HPA axis recovery has been shown to correlate poorly with the dose and duration of GC treatment. 7, 8, 10 A paucity of data exists on adrenal function in infants with hemangiomas following treatment with systemic GCs. A retrospective study 12 and 1 pro-
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spective report 13 suggest a high prevalence of adrenal suppression (87% and 71%, respectively) in this population using a first-morning cortisol level measurement as the diagnostic test. However, we previously reported a low prevalence of AI (10%) in a retrospective analysis of a small cohort based on low-dose corticotropin stimulation testing. 14 Because of the limited information on HPA axis recovery in infants and the importance of detecting AI, we prospectively evaluated the prevalence of AI following systemic GC therapy in infants with hemangiomas using a combination low-dose/high-dose corticotropin stimulation test.
METHODS

SUBJECTS
Sixteen infants (12 female and 4 male) were recruited from the Hemangioma and Vascular Malformation Center (HVMC) at Cincinnati Children's Hospital Medical Center (CCHMC), Cincinnati, Ohio, during an 18-month period. All subjects were treated with systemic GC therapy. The infants were otherwise healthy and had no prior exposure to GCs or interferon alfa. The initial GC dose and titration regimen was determined by HVMC clinicians independent of study enrollment. The GC protocol included a starting dose of oral prednisolone of 2 to 3 mg/kg/d for 4 weeks, followed by an approximately 10% dose decrease biweekly. The duration of the GC tapering period was 5 to 7 months. Ten healthy control infants (6 female and 4 male) were also enrolled from the CCHMC general pediatric clinic (no history of GC use or recent illnesses and unremarkable medical history). All parents or guardians gave informed consent. Institutional review board approval was obtained before the initiation of the study.
CORTICOTROPIN STIMULATION TESTING
All subjects underwent a combination low-dose/high-dose corticotropin stimulation test at the completion of GC treatment. Because the frequency and degree of AI in this patient population was not known, our goal was to test the subjects within 1 week of the discontinuation of GC therapy. For the lowdose test, a 250-µg vial of synthetic corticotropin (Cortrosyn; Amphastar Pharmaceuticals Inc, Rancho Cucamonga, California) was reconstituted in 250-mL 0.9% sodium chloride solution, yielding a concentration of 1 µg/mL. For the high-dose test, another 250-µg vial of Cortrosyn was reconstituted with 1 mL of 0.9% sodium chloride solution, yielding a concentration of 250 µg/mL. An intravenous (IV) line was placed, and baseline cortisol level was measured. The infants were then administered the 1-µg/m 2 Cortrosyn (low-dose) IV line for 1 to 2 minutes. The peak cortisol level was measured 20 minutes after the administration of Cortrosyn. Immediately after measuring the 20-minute cortisol level, infants were administered the 250-µg/m 2 Cortrosyn (high-dose) IV line for 1 to 2 minutes. A third serum cortisol level measurement was collected 60 minutes later (80 minutes after baseline).
If the 20-minute peak cortisol level was 18 µg/dL or higher (to convert to nanomoles per liter, multiply by 27.588), the infant was considered to have a normal HPA axis. 15, 16 If the 20-minute and 80-minute peak cortisol levels were both lower than 18 µg/dL, the subject was considered to have AI without evidence of HPA axis recovery. If the 20-minute peak cortisol level was lower than 18 µg/dL but the 80-minute peak cortisol level was 18 µg/dL or higher, the infant was considered to have AI with partial HPA axis recovery. 16 If the subject was found to have AI, families were instructed on "stress-dosing" with GCs during illness, and corticotropin testing was repeated every 3 months until a normal result was found.
CORTISOL ASSAY
Serum cortisol level was measured by radioimmunoassay using a double-antibody technique (MP Biomedicals, Solon, Ohio). The intraassay and interassay coefficients of variation were less than 5% and less than 10%, respectively. The sensitivity was 0.1 µg/dL.
STATISTICAL ANALYSIS
The primary outcome variable was the percentage of infants treated with systemic GCs who developed AI. Baseline characteristics of the 2 groups were compared using unpaired t tests for continuous variables or Fisher exact tests for categorical variables. Correlations between end points were based on Spearman correlation coefficients. Differences in variability of cortisol level measurements between the groups at each time point tested were compared using the F statistic. Results are expressed as mean (SD), with PՅ.05 considered significant.
RESULTS
Clinical characteristics of the 2 groups are summarized in the Table. At the time of the corticotropin stimulation test, the control subjects were significantly older than the GC-treated infants (PϽ.001), but there were no other differences between the groups.
Of the 16 GC-treated infants with hemangiomas, 14 completed both the low-dose and high-dose phases of the test, with the other 2 subjects completing only the lowdose phase owing to lost IV access. The cortisol response is given in the Table and shown in Figure, A. Only 1 of the 16 GC-treated infants (6%) was found to have AI. This subject was a full-term infant who was tested 1 day after completing 6.6 months of GC therapy and had abnormal results for both phases of the corticotropin test. When retested 3 months later, this infant had a normal cortisol response (8.0 µg/dL at baseline, 33.6 µg/dL at 20 minutes, and 39.8 µg/dL at 80 minutes). All other subjects tested had a peak cortisol level of 18 µg/dL or higher at both 20 and 80 minutes, indicating a normal HPA axis. There was no correlation between either the 20-minute (r=0.46; P=.08) or 80-minute (r = 0.41; P = .14) cortisol level and the duration of GC treatment. In addition, neither the 20-minute nor 80-minute cortisol values correlated with the subjects' age at the start of therapy (P=.70 and .18, respectively), age at the time of corticotropin testing (both P= .30 and .43, respectively), or time since the last GC treatment (P= .84 and .13, respectively).
All 10 control infants completed both phases of the ACTH stimulation test. The cortisol response is given in the Table and shown in Figure, B. As expected, none of the control infants had AI. Similar to the GC-treated infants, 20-minute and 80-minute cortisol concentrations were unrelated to the subjects' age at the time of the corticotropin test (P = .35 and .30, respectively).
Variability of baseline cortisol levels was higher among controls than among the GC-treated infants (F 9,15 =2.62; P=.05), but this difference disappeared when the control infant with the highest baseline value was removed (F 15,8 =1.37; P=.34) . At 20 minutes, GC-treated infants exhibited significantly greater variability in cortisol levels than the controls (F 15,9 =6.39; P=.004), even when excluding the infant with AI (F 14,9 =3.49; P=.03). At 80 minutes, the variability in cortisol levels did not differ between the groups (F 13,9 =1.16; P =.42), even after removing the infant with AI (F 9,12 =1.67; P=.20).
COMMENT
Our prospective study evaluated otherwise healthy infants with hemangiomas for the development of AI following long-term GC therapy. Using the corticotropin stimulation test, we found that only 1 of 16 infants (6%) treated with GCs had AI following the completion of therapy. These data are consistent with our previous retrospective analysis, which found a similar low prevalence of AI (10%).
14 The 1 infant found to have AI had no specific clinical features to suggest AI, such as a higher dose or longer duration of GC therapy, an unusually large hemangioma, or a more pronounced effect of GC therapy on growth. In our previous study, the only infant with AI had been treated with dexamethasone for a similar duration as the subjects in this study, but there were no clinical characteristics to suggest AI. It is possible that the longer half-life of dexamethasone (36-54 hours compared with 16-36 hours for prednisolone 17 ) contributed to the slower recovery of the HPA axis in that subject.
Our finding that AI is rare following GC treatment in infants with hemangiomas is in contrast to 2 reports 12, 13 that suggest a relatively frequent occurrence of AI in this patient population. George et al 12 retrospectively evaluated the adverse effects of systemic GC treatment in 22 infants with hemangiomas. First-morning serum cortisol concentrations were measured in 15 subjects after they had been administered a tapered physiologic dose of GC, and 13 of them (87%) had a value less than 18 µg/dL. However, the specificity of a single morning cortisol level measurement to diagnose AI is poor, 18 and the patients were still receiving treatment. Only 3 of the infants in the report by George et al 12 underwent a low-dose corticotropin test, and 2 of these infants had a peak cortisol level lower than 18 µg/dL; however, 1 of these 2 subjects was still receiving GC therapy at the time of the test. A more recent study prospectively compared the effects of oral and IV GC treatment on clinical outcomes and adverse events in infants with hemangiomas. 13 In 52 of 73 samples (71%), first-morning serum cortisol levels were lower than 18 µg/dL in the 2 groups, including 13 undetectable values "suggestive of significant AI." 13 Again, the poor specificity of a morning serum cortisol level measurement to diagnose AI should be noted. In addition, cortisol levels were measured at the start of GC treatment and monthly thereafter for 3 months; thus, many of these samples were taken during the peak of GC therapy when one would expect HPA axis suppression.
We used a low-dose (1-µg/m 2 ) corticotropin stimulation test to assess for AI in our study. Several groups have shown that the low-dose corticotropin test has better sensitivity for the diagnosis of AI than the high-dose ) test in both adults [19] [20] [21] and children. 15, 22 Furthermore, a normal cortisol response to the high-dose test but a subnormal response to the low-dose test can indicate initial recovery of endogenous corticotropin secretion. 16 Thus, we chose to do both tests in succession to evaluate the recovery of the HPA axis following longterm treatment with systemic GCs. Of the 16 infants, 15 (94%) had normal adrenal function, with peak cortisol levels of 18 µg/dL or higher for both tests, and 1 of 16 subjects (6%) had AI without evidence of initial recovery of corticotropin secretion (peak cortisol level Ͻ18 µg/dL for both tests). No subjects were found to have AI with partial recovery of the HPA axis (peak cortisol level Ͻ18 µg/dL for the low-dose test but Ն18 µg/dL for the high-dose test), even though the infants were tested soon (mean, 13 days) after the completion of GC therapy. It appears that most infants treated with our specific GC protocol begin to have endogenous corticotropin secretion sometime during the GC-tapering period, with complete recovery of the HPA axis toward the end of the tapering period or immediately thereafter. However, the variability observed in the 20-minute cortisol levels in the GC-treated infants compared with the controls possibly indicates that adrenal gland recovery is still occurring, even though the response to the low-dose corticotropin test is considered normal.
Our study has some limitations. A relatively small number of infants with hemangiomas were studied to determine the prevalence of AI, so our estimate may be subject to sampling error. However, the finding of a similar low rate of AI in our previous retrospective study 14 using the same method of testing is reassuring. Second, although a standard approach to GC therapy was attempted, variability in efficacy was observed, as evidenced by the duration of therapy, which ranged from 5.2 to 12.3 months. While some of this variability may be due to the inherent responsiveness of the hemangioma to GC treatment, poor medication compliance may have contributed as well, which could affect the rate of AI. Another limitation was the duration of time between discontinuation of GC therapy and the corticotropin test: 13 of the subjects were tested 1 to 16 days after completing treatment, but 3 subjects had their test 26 to 40 days later. While we attempted to test all subjects within 7 days, many families lived more than 100 miles from our center and could not comply. Thus, some of the subjects with a normal test result may have had AI had the test been done within 7 days. Finally, the use of 18 µg/dL as a cutoff to define normal adrenal function in response to the low-dose corticotropin test is derived from studies of older children 15, 22 and adults.
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Though we found no difference between the cortisol responses of the infants treated with GCs and the controls, the control subjects were slightly older at the time of their test. However, we found no association between the subjects' age and cortisol response in either GCtreated infants or controls. In addition, a recent study found the low-dose corticotropin test to be useful in term infants younger than 12 months in demonstrating normal adrenal function. 23 In conclusion, our study shows that infants with hemangiomas treated with systemic GCs have a low risk of AI at the completion of therapy. The 1 infant found to have AI had no clinical indicator of this condition but recovered completely within 3 months. In the case of significant body stress, such as a febrile illness or surgery, stress dosing with GCs seems prudent in infants with hemangiomas during the latter stages of the GC tapering period through the first 3 months after GC therapy is discontinued. Role of the Sponsor: The sponsor had no role in the design and conduct of the study; in the collection, analysis, and interpretation of the data; or in the preparation, review, or approval of the manuscript. Additional Contributions: Peggy Sweeney, RN, assisted in the recruitment of control subjects.
